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AERONAUTIC SYMBOLS 
1 . FUNDAMENTAL AND DERIVED UNITS 



Symbol 

Metric 

English 

Unit 

Abbrevia- 

tion 

Unit 

Abbrevia- 

tion 

Length 

Time 

Force 

1 

t 

F 

meter 

second 

weight of 1 kilogram 

m 

s 

kg 

foot (or mile) 

second (or hour) 

weight of 1 pound 

ft (or mi) 
sec (or hr) 
lb 

Power 

P 

V 

horsepower (metric) 


horsepower 

lip, 

mph 

fps 

Speed 

f kilometers per hour 

\meters per second 

kph 

mps 

miles per hour 

feet per second 


2. GENERAL SYMBOLS 


Weight=mg 

Standard acceleration of gravity =9. 80665 m/s* 
or 32.1740 ft/sec^ 


W 

Mass=— 

9 

Moment of inertia (Indicate axis of 
radius of gyration k by proper subscript.) 
Coefficient of viscosity 


V Kinematic viscosity 

p Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-m“*-s^ at 15® C 
and 760 mm; or 0.002378 lb-ft“^ sec^ 

Specific weight of ‘^standard^^ air, 1.2255 kg/m® or 
0.07651 Ib/cu ft 


3. AERODYNAMIC SYMBOLS 


Area 

Area of wing 
Gap 
Span 
Chord 

Aspect ratio, ^ 

True air speed 
Dynamic pressure, 

Lift, absolute coefficient Cl=~^ 

9^ 


Drag, absolute coefficient Cd= 


D 

aS 


Profile drag, absolute coefficient 

Induced drag, absolute coefficient Cd =^ 

* 

D, 

■qS 


Parasite drag, absolute coefficient Cdp=^ 


Cross-wind force, absolute coefficient Cc— 


C 

aS 


iu, Angle of setting of wings (relative to thrust line) 
it Angle of stabilizer setting (relative to thrust 
line) 

Q Resultant moment 

0 Resultant angular velocity 

R Reynolds number, p— where Zis a linear dimen- 

P' 

sion (e.g., for an airfoil of 1 .0 ft chord, 100 mph, 
standard pressure at 15® C, the corresponding 
Reynolds number is 935,400; or for an airfoil 
of 1.0 m chord, 100 mps, the corresponding 
Reynolds number is 6,865,000) 
a Angle of attack 

€ Angle of downwash 

Angle of attack, infinite aspect ratio 
at Angle of attack, induced 

aa Angle of attack, absolute (measured from zero- 
lift position) 

y Flight-path angle 


REPORT No. 913 


EXPERIMENTS ON STABILITY OF BUNSEN-BURNER 
FLAMES FOR TURBULENT FLOW 

By LOWELL M. BOLLINGER and DAVID T. WILLIAMS 


Flight Propulsion Research Laboratory 
Cleveland, Ohio 


National Advisory Coinniittee for Aeronautics 

Headquarters, 1724 F Street NW, Washington 25, D. C. 


Created by act of Congress approved A I arch 3, 1915, 
of the problems of flight (U. S. Code, title 50, sec. 151). 
Alay 25, 1948. (Public Law 549, 80th Congress). The 
such without compensation. 

Jerome C. Hunsaker, Sc. D., 
Alexander Wetmore, Sc. D., Secretary, 

Hon. John R. Alison, Assistant Secretary of Commerce. 

Detlev W. Bronx, Ph. D., President, Johns Hopkins University. 

KarlT. Compton, Ph. D. Chairman, Research and Development 
Board, National Military Establishment. 

Edward U. Condon, Ph. D., Director, National Bureau of 
Standards. 

James H. Doolittle, Sc. D., Vice President, Shell Union Oil 
Corp. 

R. M, Hazen, B. S., Director of Engineering, Allison Division, 
General Motors Corp. 

William Littlewood, M. E., Vice President, hmgineering, 
American Airlines, Inc. 

Theodore C. Lonnquest, Rear Admiral, United States Navy, 
Assistant Chief for Research and Development, Bureau of 
Aeronautics. , 


for the supervision and direction of the scientific study 
Its membership was increased to 17 by act approved 
members are appointed by the President, and serve as 

Cambridge, Mass., Chairman 

Smithsonian Institution, Vice Chairman 

Edward M. Powers, Major General, United States Air Force, 
Assistant Chief of Air Staff-4. 

John D. Price, Vice Admiral, United States Navy, Deputy 
Chief of Naval Operations (Air). 

Arthur E. Raymond, M. S., Vice President, Engineering, 
Douglas Aircraft Co., Inc. 

Francis W. Reichelderfer, Sc. D., Chief, United States 
Weather Bureau. 

Hon. Delos W. Rentzel, Administrator of Civil Aeronautics, 
Department of Commerce. 

Hoyt S. Vandenbero, General, Chief of Staff, United States Air 
Force. 

Theodore P. Wright, Sc. D., Vice President for Research, 
Cornell University. 


Hugh L. Dryden, Ph. D., Director of Aeronautical Research 


John F. Victory, LL.M., Executive Secretary 


John W. Crowley, Jr., B, S., Associate Director of Aeronautical Research 


E. H. Chamberlin, Executive Officer 


Henry J. E. Reid, Eng. D., Director, Langley Aeronautical Laboratory, Langley Field, Va. 

Smith J. DeFrance, B. S., Director, Ames Aeronautical Laboratory, Moffett Field, Calif. 

Edw ard R. Sharp, Sc. D., Director, Lewis Flight Propulsion Laboratory, Cleveland Airport, Cleveland, Ohio 


TECHNICAL COMMITTEES 


Aerodynamics Operating Problems 

Pow'ER Plants for Aircraft Industry Consulting 

Aircraft Construction 


Coordination of Research Needs of Military and Civil Aviation 
Preparation of Research Prograyns 
Allocation of Problems 
Prevention of Duplication 
Consideration of Inventions 


Langley Aeronautical Laboratory, Lewis Flight Propulsion Laboratory, Ames Aeronautical Laboratory, 

Langley Field, Va. Cleveland Airport, Cleveland, Ohio Moffett Field, Calif. 

Conduct, under unified control, for all agencies, of scientific research on the fundamental problems of flight 


Office of Aeronautical Intelligence, 

Washington, D. C. 

Collection, classification, compilation, and dissemination of scientific and technical information on aeronautics 


II 


REPORT No. 913 


EXPERIMENTS ON STABILITY OF BUNSEN-BURNER FLAMES FOR TURBULENT FLOW 

By Lowell M. Bollinger and David T. Williams 


SUMMARY 

The results of a study of the stability of propane-air flames 
on Bunsen-hurner tubes are presented. Fuel-air ratio, tube 
diameter, and Reynolds number were the primary variables. 
Regions of stability are outlined in plots of fuel-air ratio as a 
function of Reynolds number for flames seated on the burner 
lip and for flames suspended well above the burner. 

For fully developed flow, turbulent as well as laminar, the 
velocity gradient at the burner wall is a satisfactory variable for 
correlating the fuel-air ratio reguired for blow-off of seated 
flames for fuel-air ratios of less than 16 percent. For tur- 
bulent flames, wall velocity serves as a correlating variable in 
the same fuel-air-ratio range. 

INTRODUCTION 

The stability of burner flames lias been stiitlied by Lewis 
and von Elbe (reference 1), and von Elbe and Mentser 
(reference 2). In reference 1, the fuel-air ratio at wbicb a 
laminar Bunsen flame blew off the burner lip was deter- 
mined by the velocity gradient at the burner tube wall, 
independent of tube diameter. 

As part of a program of fundamental combustion re- 
search at the NACA Cleveland laboratory, an investigation 
of the factors affecting flame speed and stability was under- 
taken dmdng 1945-46. A preliminary study of the effect 
of turbulence on combustion is reported. The investigation 
consisted of the study of the stability of Bunsen-type 
flames, seated on the burner lip and suspended above the 
burner, burning in turbulent flow. The variables chosen 
for the study were the fuel-air ratio (by volume) and the 
mixture flow at which the flame would blow out or leave the 
burner lip. These variables were applied to burner tubes of 
various diameters. These experiments provide an extension 
of part of the measurements of references 1 and 2 into the 
region of turbulent flow. An expression for wall velocity 
gradient obtained from reference 3 was used for this extension. 

APPARATUS AND PROCEDURE 

The arrangement of the apparatus is shown in figure 1. 
The fuel used was commercial gaseous propane. An analysis 
of a sample showed at least 98-percent-saturated hydro- 
carbon content. The oxidant was air with a relative hu- 
midity of approximately 15 percent. The capillary flow- 
meters F, for measuring the propane and air flows, were 


calibrated with a wet displacement meter. For large air 
flows, a 0.199-inch thin-plate orifice was used. The orifice 
flow coefficient was corrected to make the readings consistent 
witli those of the air capillaries. 

The Bunsen burners were a series of six smooth seamless 
steel tubes, which were long enough to form fully developed 
pipe flow at the outlet. The dimensions were as follows: 


Nominal 

diameter 

(in.) 

Inside diam- 
eter, d 
(cm) 

Length, L 
(cm) 

Length- 
diameter 
ratio. Ltd 


0. 469 

110 

235 

*/4 

.626 

125 

21K) 


.943 

215 

228 

H 

1.579 

215 

136 


2. 220 

220 

99 

H 

2.843 

215 

76 


A collar was so attached to the burner lip that the flame 
issued, in effect, from a hole in a plate of about 3-inch 
diameter. The tubes were cooled at the outlet by use of a 
water jacket that was maintained at the inlet-air tempera- 
ture. A short sheet-steel column 12 inches square was put 
around the flame to shield it from drafts. A glass window 
in one side of this column permitted direct observation of 
the flame. 



A, flamo shield 

B, burner-lip extension 

C, pressure regulators 

D, control valves 

E, manometer leads 

F, capillary flowmeters 


G, water jacket 

H , burner tube 

I , thin-plate orifice flowmeter 

J, flame check 

K, surge tank 

L, fuel-air mixing chamber 


Figure 1. — Diagram of experimental apparatus. 
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For each burner size, the fuel and air flows were set at 
values for which the desired type of stable flame could be 
obtained. The air flow was then slowly changed until the 
flame was no longer able to burn in the position under 
investigation. At this point the manometer readings in- 
dicating the fuel and air flows were recorded. All data 
were taken at sea-level pressure and room temperatures 
varying from 25° to 33° C. 

QUALITATIVE CONSIDERATIONS OF FLAME STABILITY 

Definitions. -Two types of flame were obtained with the 
Bunsen burner. One was the usual Bunsen flame' seated 
on the burner lip; the other was a flame suspended a number 
of tube diameters above the burner. Photographs illustrat- 
ing the two types of flame are shown in figui*e 2. 

J3efinite flow conditions and fuel-air ratios exist for which a 
Bunsen flame can bum seated on a burner lip. If the flow 



(a) Seated flame; turbulent 
flow; Reynolds number, 
:?770; fuel-air ratio, 0.183. 

(b) Suspended flame; tur- 
bulent flow; Reynolds 
number, 3770; fuel-air ra- 
tio, 0.183. 

(c) Seated flame; laminar 



flow; Reynolds number, 
1900; fuel-air ratio, 0.135. 

(d) Suspended flame; lam- 
inar flow; Reynolds num- 
ber, 1900; fuel-air ratio, 
0.135. 

(e) Seated flame; laminar 
flow; Reynolds number. 



1900; fuel-air ratio, stoich- 
iometric. 

(f) Seated flame; turbulent 
flow; Reynolds number, 
3770; fuel-air ratio, stoich- 
iometric. 


Figure 2.— Representative propane-air flames obtained with Bunsen burner of H-inch 

diameter. 


or fuel-air ratio is sufficiently changed, the flame either 
blows off the burner lip or flashes back into the burner tube. 
In blowing off, the flame may either completely blow out or 
rise to the position of the suspended flame and continue to 
burn. Similarly, a sufficient change in flow conditions 
causes a suspended flame either to blo\v out completely or 
jump back to the burner lip. The terms ^‘blow-off, flash- 
back, blow-out, and jump-back’^ will be used herein as just 
defined. 

Stability consideration. — A jet of fuel-air mixture may be 
considered to be separated from the region of stationary pure 
air by a mixing region. Within the mixing region, the gas 
velocity continuously varies between that in the interior 
of the jet and the zero velocity of the air outside. 

In a similar manner, the composition of the gas in the 
mixing region varies between the composition of the jet 
and that of the outside air. A flame speed will correspond 
to the fuel-air ratio at each point in the mixing region. 

The base of a seated propane-air flame, from which the 
flame spreads to the rest of the flame front, has been observed 
to be about 1 millimeter above the burner lip and a small 
distance outside the burner radius; hence, the base may be 
considered to be within a mixing region. If the local flame 
speed at any point in the mixing region is greater than the 
local velocity, the flame tends to flash back to the burner lip 
and the tube. As the flame base approaches the lip, the 
effective flame speed at the base decreases because of the 
cooling and reaction (pienching effects of the burner walls 
and the flame may be prevented from flashing back (refer- 
ence 1). 

A flame burning in a stable manner on a burner lip is first 
considered. If flow velocity in the jet is then increased 
without change in fuel-air ratio, all the local gas speeds in 
the mixing region will likewise be increased until, when in 
every region the local flow velocity is greater than the local 
flame speed, the flame will blow off. If the fuel-air ratio in 
the jet is then increased without change of jet speed, the 
fuel-air ratio will increase throughout the mixing region. 
The strata nearest the stagnant air, in particular, will be 
enriched until the local flame speed is as great as the rela- 
tively low local gas speeds. At that point, the flame can 
again be stable on the burner. This rough analysis predicts 
that the blow-off speed will increase when the fuel-air ratio 
in the jet increases. 

The blow-ofi* of suspended flames is governed in a similar 
manner. The base of the suspended flame is in a portion of 
the mixing region where the local flame speed is as great as 
the local jet velocity. An increase in fuel-air ratio in the 
jet causes an increase in fuel-air ratio throughout the mixing 
region and a corresponding increase in jet velocity is necessary 
to blow out the flame. Here again, the blow-off speed will 
increase with increasing jet fuel-air ratio. 

Flames may burn suspended on laminar or turbident jets. 
The mixing characteristics of these jets govern the position 
above a burner at which a flame remains stable. The tur- 
bulent jet mixes rapidly with the outside air and produces 
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a position for stable burning varying from about 1 to 10 
tube diameters above the burner. The position depends 
upon fuel-air ratio and flow conditions. In general, this 
position moves upward as flow conditions are changed from 
jump-back toward blow-out. Mixing in the laminar jet is 
slow, however, and only becomes rapid a certain distance 
above the burner where the jet breaks down into turbulence. 
A flame can remain stable on the laminar jet only above this 
point. Ignition trials indicated that, at a position along 
the outside of the laminar part of the jet, the velocity and 
the fuel-air ratio are conducive to burning. The surround- 
ing velocity and fuel-air-ratio fields are so constructed, 
however, that the flame is unstable at this position and will 
either jump back to the burner lip or move up to the turbu- 
lent part of the jet. The position of stable burning on a 
laminar jet can therefore vary only between the point where 
the jet becomes turbulent and several diameters above this 
point. Ill the cases investigated, the suspended flame on 
the laminar jet was always higher than the flame on the 
turbulent jet. Figures 2 (b) and 2 (d) illustrate this obser- 
vation. 

EXPERIMENTAL RESULTS 

A comprehensive view of the regions of stability of the 
Bunsen-burner flame as obseiwed in these experiments is 
provided in figure 3 for tubes of and K-incli diameters. 
The data are plotted in terms of fuel-air ratio in the total 
mixture by volume against Reynolds number 

where 

d burner diameter 
R Reynolds number 
U average velocity 
ju viscosity 
p mixture density 



(a) ^ ^i-inch’bunier. 

(b) H-inch burner. 


Figure 3.— Regions of stable burning for propane-air flames. 


Any consistent set of units may be used. For the computa- 
tion of Reynolds number R and other variables, viscosity p 
was assumed to vary linearly with fuel-air i-atio. With the 
%-inch tube of figure 3 (a), in the region marked A, the flame 
does not burn steadily at the burner mouth but flashes back 
into the burner. This region lies near the stoichiometric 
fuel-air ratio (4.02 percent) and reaches a maximum value 
of Reynolds number at mixtures a little richer than stoichio- 
metric. Curve B is the blow-off curve, that is, the boundary 
between the region where burning is stable at the burner 
mouth and the region where the flame blows off; the blow-ofl’ 
region is to the right of curve B. Curves similar to these are 
presented in references 1 and 2 for laminar flows. 

Within the region between the curves C and C', a flame 
can burn stably in the suspended position. No suspended 
flame could be obtained on the laminar jet for this tube. 
The curves C and C' were determined by obtaining a stable 
suspended flame and then changing the air flow until the 
flame either blew out or jumped back to the lip of the burner. 


Thus, below C the flame will blow out and above C' it will 
jump back. It is interesting to observe that above a 
Reynolds number of 7600 the flame will be stable above the 
burner when the fuel percentage is too lean to burn at the 
lip. Between Reynolds numbers of 3000 and 7600, the 
reverse is true and the flame is stable at the lip when the 
mixture is too lean to burn above the tube. In the region 
above curve B also lying between C and C', the flame is 
stable either at the lip or above the tube, depending upon 
the point at which it is ignited. 

Corres])onding curves for the tube of J^-inch diameter are 
shovm in figure 3 (b). The flash-back curve such as en- 
closes region A of figure 3 (a) could not be obtained with this 
burner because the fuel flow required was below the limit 
of the flowmeter. For this tube, suspended flames were 
obtained for laminar and transition, as well as turbulent, 
flows. In the data obtained, two regions appear to coincide 
at a Reynolds number of about 2800; that is, by increasing 
the Reynolds number at a fuel concentration of 18 percent. 


4 


BEPORT NO. 913 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



Figure 4.— Variation of fuel-air ratio with Reynolds number of flow in tube for blow-off of 
seated propane-air flames. 

the flame would pass from one region into the other. The 
flame cannot make this transition, however, because its 
position of stable burning for this tube is much higher in 
the region Ci-C/ than in C-C'. 

No quantitative analysis of the suspended flame has been 
made. It may be significant, however, that when tlie blow- 
out points of the turbulent suspended flame are plotted on 
logarithmic paper they form a straight line. The slopes of 
the three blow-out lines obtained are all approximately 
the slopes being 0.491, 0.475, and 0.541 for the ^ud 

^^-inch tubes, respectively. Two of these blow-out lines 
are given in figure 3. 

A plot of fuel-air ratio for blow-off of the seated flame 
against Reynolds number for six burner tubes of different 
sizes is presented in figure 4. No data were obtained for 
laminar flows for the e-inch burner. The lower limit to 
the data obtained was imposed by the lower limit of the 
fuel flowmeter and the upper limit by the upper limit of 
either the air or fuel flowmeter. The data were very re- 
producible for low fuel-air ratios but were somewhat scattered 
for more than about 20-percent fuel. Qualitative tests 
showed that for high fuel concentrations blow-off depended 
rather critically on the form of the burner lip. 

In the transition region previously mentioned (Reynolds 
numbers from approximately 2000 to 2800) between laminar 
and turbulent flow (reference 4), the appearance of the 
flame indicated that the flow conditions were characteristic 
of neither region. At the lower limit of the transition zone, 
the flame was largely laminar in character, but occasionally 
became momentarily turbulent. The difference between 


laminar and turbulent flames is illustrated in figure 2. As 
the Reynolds number was increased, the frequency of the 
turbulent flickers increased until at the upper limit of the 
transition zone the flame was turbulent most of the time 
and only an occasional laminar flicker indicated that the 
flow was not fully turbiflent. At the lower limit of the 
transition zone, the curves have a sudden change in slope 
because a large increase in fuel-air ratio is necessary to 
enable the flame to remain seated during a turbulent flicker. 
The change in slope is less abrupt at the upper limit of the 
transition zone. 

Data in reference 1 indicate that the fuel percentage corre- 
sponding to blow-off of a laminar flame is related to the 
velocity gradient at the tube wall, independent of tube 
diameter. An objective of this investigation was to find 
whether a similar type of correlation exists for turbulent 
flows. 

For the case of laminar flow, as outlined in reference 1, 
the velocity gradient at the tid)e wall is 



where 

u local velocity 

y normal distance from tube wall 

According to the usual picture of turbulent flow in pipes, 
the central body of turbulent flow is surroimded by a thin 
laminar film at the wall. This wall velocity gradient is 
given by 



where 

Uw velocity at inner boundary of laminar film 
5 thickness of laminar film 

From the mathematical development in reference 3 (pp. 46 
and 85), it can be readily deduced that 

/^\ ... 
\dylr Sv ~N^v 

where 

N constant (value of 10 from reference 3, p. 85) 

X pipe friction coeflScient 
V kinematic viscosity of gas in tube 

On the basis of equation (3), appear to be 

equally suitable alternative variables for use in plotting the 
variation of fuel-air ratio for blow-off of turbulent flames 
because v is dependent only on fuel-air ratio. Because the 
main body of turbulence is surrounded by a laminar layer, 
the mixing characteristics of laminar and turbulent flames 
are the same in the mixing region just above the burner 
lip. If this similarity is the case, because velocity gradient 
at the wall serves as a correlating variable for blow-off of 
laminar flames, it should also correlate the blow-off of turbu- 
lent flames. 

Data of the blow-ofl* of both laminar and turbulent flames, 
previously presented in figure 4, have been plotted in figure 5 


Fuel -air ratio Fuehoir ratio 


experiments on stability of bunsen-burner flames for turbulent flow 
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as fuel-air ratio against velocity gradient at the wall 

For laminar flow, was computed from equation (1) and 

for turbulent flow, from equation (3). No transition flow 
data are plotted in figure 5 because the velocity gradient is 
undefinable for such flow. The turbulent data correlate 
well up to a fuel-air ratio of about 15 percent. Above this 
fuel-air ratio, the curves for the smaller tubes deviate toward 
higher velocity gradients. Moreover, the laminar data 
overlap the turbulent data well, the extent of overlap being 
from A to B in figure 5. Because the laminar data obtained 
do not extend above a fuel-air ratio of 6 percent, the capacity 
of the wall velocity gradient to correlate blow-off for con- 
centrations above 6 percent and for laminar flow has not 
been determined. 

The variation of fuel-air ratio for blow-off with wall veloc- 
ity is shown in figure 6. The velocity was computed 
from the average gas speed Uhy use of equation (3) rewritten 
as 

and with the Blasius equation for X (reference 3, p. 31) 

X = 0.316(^) 

The variable wall velocity has no meaning for laminar flow ; 
hence it can be used only for blow-off of turbulent flames. 
It is of interest to observe that the blow-off curves have 
negative slopes at high fuel-air ratios. Plots of fuel-air ratio 
against average velocity U would also have negative slopes 
in this region. This difference from figure 5 is caused by 
the variation of kinematic viscosity with propane concen- 
tration. 


As a result of the reasoning and the data, the velocity 
gradient at the tube wall is considered to be a more useful 
and perhaps a more significant variable than wall velocity 
for correlating the fuel-air ratio for the blow-off of Bunsen- 
burner flames. 

CONCLUSIONS 

At sea-level pressure and room temperatures and for tubes 
of Ke- to K-inch diameter, the following conclusions may be 
made concerning the blow-off of propane-^ir B unsen-burner 
flames : 

1. The wall velocity gradient is successful in correlating 
the fuel-air ratio for blow-off for fully developed pipe flows, 
laminar and turbulent, to fuel-air ratios of 15 percent. 

2. For turbulent flows, wall velocity will also correlate 
fuel-air ratio to blow-off for fuel-air ratios up to 15 percent. 


Flight Propulsion Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, March 21 y 1947. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 


Axis 

Force 
(parallel 
to axis) 
symbol 

Moment about axis 

Angle 

Velocities 

Designation 

Sym- 

bol 

Designation 

Sym- 

bol 

Positive 

direction 

Designa- 

tion 

Sym- 

bol 

Linear 
(compo- 
nent along 
axis) 

Angular 

Longitudinal 

X 

X 

Rolling 

Pitching 

L 

Y >Z 

Roll 


u 


Lateral 

Y 

Y 

M 

N 

Z yX 

Pitch.. 

Yaw 

e 

V 

Normal 

z 

z 

Yawing 

X >y 

V 

w 

Q 






r 

T 


Absolute cocflBcients of moment Angle of set of control surface (relative to neutral 

n — ^ ^ P ~ ^ position), 5. (Indicate surface by proper subscript.) 

* 0)S qcS ” qhS 

(rolling) (pitching) (yawing) 

4. PROPELLER SYMBOLS 


D 

Diameter 


P 

Geometric pitch 


tpID 

Pitch ratio 


V' 

Inflow velocity 


K 

Slipstream velocity 

T 

''pnW* 

T 

Thrust, absolute coefficient Ct= 

Q 

TorQue, absolute coefficient Cq — 

. Q 


pn^IP 


P 


Cs 


V 

n 


Power, absolute coefficient Cp 


P 

pn^D^ 


Speed-power coefficient = 



Efficiency 

Revolutions per second, rps 


Effective helix angle =tan~ 



5. NUMERICAL RELATIONS 

1 hp=76.04 kg-m/s = 550 ft-lb/sec 1 lb=0.4536 kg 

1 metric horsepower= 0.9863 hp 1 kg=2.2046 lb 

1 mph=0.4470 mps 1 mi= 1,609.35 m=5,280 ft 

I mps=2.2369 mph 1 m = 3.2808 ft 
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